Propofol-induced metabolic acidosis is well recognised in the paediatric literature, but the existence of such a syndrome in adults remains contentious. In most reported cases, metabolic acidosis complicated prolonged administration of propofol in critically ill patients. We present a case of severe non-fatal reversible metabolic acidosis, without ventilatory depression or hypoxia, related to short-term propofol infusion in an adult during and after coronary artery bypass grafting. We suggest that lactic acidosis occurred in a genetically susceptible patient with an abnormality of mitochondrial function. This report discusses an unusual adverse effect of propofol anaesthesia and sedation and highlights the need for further investigation to define propofol toxicity.
Anaesthesia for cardiac surgery is usually safe and few patients experience major side-effects. Propofol is commonly used in adult cardiac surgery and intensive care where deep sedation and rapid emergence are required. We report a case where short-term continuous propofol infusion in a patient undergoing coronary artery bypass surgery was associated with severe metabolic acidosis and cardiac arrest. Previous reports have recognised "propofol infusion syndrome" in children but the existence of such a syndrome in adults remains contentious.
CASE HISTORY
A 45-year-old man presented to our unit with a one-week history of worsening exertional angina. He was a smoker with a strong family history of early atherosclerosis. An exercise electrocardiogram was strongly positive and coronary angiography showed severe three-vessel coronary artery disease with a 90% stenosis of the left main coronary artery. Echocardiography demonstrated good left ventricular function and no cardiac valvular pathology. Metoprolol, subcutaneous heparin and aspirin were prescribed to stabilize his symptoms and urgent surgical coronary revascularisation was planned. The patient had no history of adverse drug reactions or environmental allergies.
Preoperative laboratory tests were unremarkable, including sodium 140 mM/l, potassium 4.2 mM/l, Cl 112 mM/l and creatinine 101 mM/l, haemoglobin 15.1 g/dl, platelets 243×10 9 /l, leucocytes 7.0×10 9 /l and international normalized ration (INR) 0.99.
At operation, anaesthesia was induced using midazolam, fentanyl and a bolus dose of propofol 80 mg. The vials of propofol were opened fresh for this case which was the first of the day. Rocuronium and pancuronium were administered for muscle relaxation, and cefuroxime was given for antimicrobial prophylaxis. Anaesthesia was maintained with isoflurane 0.5-1%. Following harvesting of the left internal thoracic artery, 45000U of heparin were administered and cardiopulmonary bypass (CPB) was instituted using ascending aortic cannulation and two-stage venous cannulation of the right atrium. The CPB circuit prime consisted of Ringer's lactate solution 1600 ml, NaHCO 3 50 mM, mannitol 25g and heparin 5000U. An infusion of propofol was started at the onset of CPB at 44 µg/kg/min and continued throughout the procedure.
Under mild hypothermia (34˚C), cardiac arrest was induced and maintained using intermittent hyperkalaemic cold blood cardioplegia. The intraoperative course was uneventful and grafts were constructed to the distal right coronary artery, the first obtuse marginal branch of the circumflex coronary artery, the first diagonal branch of the left anterior descending (LAD) coronary artery and the LAD. Throughout the 89 minutes of CPB, the perfusion pressure was maintained between 60 and 70 mmHg and the P a O 2 remained above 30 kPa with the pH ranging between 7.38 and 7.45 and base excess between +2.4 and -1.5 mM. The bicarbonate concentration varied between 23 and 26 mM/l and no NaHCO 3 was administered during CPB.
The patient was weaned from cardiopulmonary bypass without inotropic support. Heparin was fully reversed with protamine. Prior to leaving the operating room, an infusion of dopamine (5.2 µg/kg/min) was started and the patient was transferred in a stable condition to the intensive care unit (ICU).
On arrival in the ICU, the patient had excellent haemodynamics (cardiac index [CI] 4.6 l/min/m 2 , systemic vascular resistance [SVR] 578 dyn.s.cm -5 , blood pressure [BP] 115/60 mmHg) and the dopamine infusion was discontinued. The propofol infusion continued at 44 µg/kg/min. Twelve-lead ECG at this time showed sinus rhythm with isoelectric ST segments in all leads. Arterial blood gases were also unremarkable.
Thirty minutes later, the haemodynamic parameters suddenly deteriorated. The patient had a sinus tachycardia with widespread ST segment elevation, a systolic BP of 60 mmHg and a central venous pressure (CVP) of 9 mmHg. Resuscitation was commenced with 500 ml of hydroxyethyl starch 10 g/dl and intravenous calcium chloride 1.0 g. The cardiac rhythm rapidly degenerated into ventricular tachycardia (VT) with a systolic BP below 40 mmHg. A total of 150 µg of adrenaline and electrical direct current cardioversion (100J and 200J) were required to restore sinus rhythm with an acceptable blood pressure. Amiodarone 150 mg was also given intravenously at this time, but within minutes a further 200J shock was needed for recurrence of VT. Following a further 150 mg dose of amiodarone, the patient was stabilized and required an infusion of epinephrine at 0.07 µg/kg/min to maintain a BP of 120/70 mmHg with a CVP of 14 mmHg.
After resuscitation, transoesophageal echo-cardiography showed good biventricular contractility and adequate ventricular filling. The CI at that time was 3.8 l/min/m 2 with an SVR of 550 dyn.s.cm -5 . The low SVR and the patient's rapid response to adrenaline suggested an anaphylactic reaction as the cause for his circulatory collapse and intravenous hydrocortisone (200 mg) was given, diphenhydramine (50 mg 8 hourly) ordered, and the pulmonary artery and urinary catheters changed to latex-free substitutes.
Over the next several hours the patient developed a worsening metabolic acidosis ( Figures 1 and 2 ) in spite of maintaining a cardiac index of 3.5 to 4.6 l/min/m 2 and a urine flow rate between 100 and 450 ml/h. Arterial haemoglobin oxygen saturations as measured by pulse oximetry were greater than 98% at all times. Arterial oxygen and carbon dioxide tension measurements demonstrated that there was no hypoxia or hypercarbia. One hour after the patient was admitted to the ICU his plasma pH was 7.30, falling to 7.23 after two hours, and reaching a nadir at 7.17 after eight hours despite the administration of 150 ml of 8.4% sodium bicarbonate solution. The plasma lactate concentration was 4 mM/l after four hours and rose to 14 mM/l after eight hours in the ICU. The base excess mirrored this trend, reaching -15 mM/l after eight hours, and the serum HCO 3 fell to 12 mM/l. The anion gap rose from 9 mM/l to 20 mM/ l over this time. Conversely, the plasma potassium concentration, plasma creatinine, leucocyte count, liver function tests and the axillary temperature remained within normal limits during this period. In addition, the plasma chloride concentration (113 to 116 mM/l) remained within the normal range for our laboratory. A computed tomography (CT) scan was negative for intracranial, intrathoracic or intraabdominal pathology, particularly aortic dissection and visceral ischaemia.
At this point, following further review of the patient's medication to identify potentially cytotoxic agents, the propofol infusion was discontinued and midazolam and fentanyl substituted for sedation. Thereafter, the patient's condition improved very quickly. The metabolic acidosis resolved rapidly, the pH normalized to 7.41 within two hours and the patient was extubated six hours later. The dose of adrenaline administered throughout this period of recovery remained unchanged at 0.06 µg/kg/min and the adrenaline infusion was discontinued immediately prior to extubation. The patient was discharged from the ICU the following day and subsequently made an uneventful recovery. He was discharged from hospital after six days.
DISCUSSION
Anaesthesia for cardiac surgery is usually safe and few patients experience obvious major side-effects. Propofol, which became available in lipid emulsion formulation 20 years ago 1 , is commonly used in adult cardiac surgery and intensive care where its favourable pharmacokinetics, rapid redistribution and rapidly reversible sedation make it very useful for short-term sedation. Propofol has been associated with a number of serious adverse reactions including metabolic acidosis, rhabdomyolysis, circulatory collapse, myocardial failure and death 2 . We present a case of severe non-fatal reversible metabolic acidosis occurring without ventilatory depression or hypoxia, which was related to a short-term propofol infusion during coronary artery bypass grafting and the early postoperative period.
Previous reports have described severe metabolic acidosis during propofol infusion with the majority of cases occurring in children 3, 4 . More recently, adult cases have been described, some resulting in death 5, 6 . In these cases a causal link between propofol and the development of metabolic acidosis has been difficult to establish. This was either because the patients were critically ill with multiple potential causes of metabolic acidosis, or because the laboratory parameters presented could neither conclusively establish an elevated serum lactate concentration, nor exclude hyperchloraemia as a cause of acidosis.
In our patient we do not believe that any other reasonable causative factors existed. Tissue hypoperfusion causing increased lactic acid production in the early postoperative period is not uncommon following cardiac surgery and can be exacerbated by propofol which is known to depress cardiac function 7 . Cardiac failure associated with propofol is usually a late, fatal event, and not an early cause of metabolic acidosis 8 . In this case, the cardiac output and blood pressure were maintained, with the exception of a brief period of hypotension and cardiac arrhythmia in the early postoperative period, which was treated quickly and successfully. The CVP reading of 9 mmHg immediately prior to the hypotensive episode was the lowest recorded at any time during the patient's stay in the ICU. In association with the low SVR at that time, this argues for hypovolaemia as an important contributor to the haemodynamic instability witnessed in the first hour of the ICU admission, and this instability would have been further exacerbated by discontinuation of the dopamine infusion shortly before the hypotensive episode.
Sepsis is an unlikely cause of the deterioration which we observed. The propofol vials were opened immediately prior to infusion making microbial contamination unlikely, although it is recognised that the lipid emulsion is a good culture medium 9 . In addition, the lack of fever or leucocytosis and the absence of persistent hypotension despite worsening acidosis, as well as the patient's subsequent rapid and uneventful recovery argue against sepsis. Impaired hepatic lactate metabolism can cause metabolic acidosis. In our patient, normal liver function was documented during the period of severe acidosis and our patient had no clinical indicators of impaired hepatic function either before or after surgery. There was no evidence of renal dysfunction causing reduced acid excretion or increased loss of bicarbonate. Plasma creatinine and potassium were normal and urine flow rates were satisfactory throughout.
The formulation of propofol used in our unit (Propofol Injection; Mayne Pharma (Canada) Inc., Montreal, QC, Canada. 2,6-diisopropylphenol 10 mg/ ml with soybean oil 100 mg/ml, glycerol 22.5 mg/ml, one egg lecithin 2 mg/ml and water for injection) is stated to have a pH ranging between 7.0 and 8.5. The small volumes infused are not likely directly to have caused this patient's severe metabolic acidosis as a result of administration of an acid load, particularly in the face of satisfactory renal function.
Hyperchloreamic acidosis in the postoperative setting is associated with the administration of large volumes of intravenous fluids containing sodium chloride 10 . Such dilutional acidosis is not likely in this case where the patient received only one litre of hydroxyethyl starch with a chloride concentration of 154 mM/l over eight hours. Very high plasma lactate concentrations and an increasing anion gap confirmed the lactic acidosis in this case.
A low-dose infusion of adrenaline was administered to this patient from the time of the initial circulatory collapse and arrhythmia until extubation. Intravenous adrenaline is associated with metabolic acidosis although this commonly occurs at much higher doses than were used here. The severity of the acidosis also suggests that the low dose of adrenaline was not the cause of the profound acidosis observed. The rapid resolution of the patient's acid-base disturbance following the discontinuation of propofol occurred in spite of continuing administration of adrenaline at an unchanged rate. This small dose of adrenaline was deliberately not weaned until extubation despite the patient's improved clinical state, because it was decided that a period of haemodynamic stability was paramount following several hours of severe metabolic disturbance. No further inotropic support was required after extubation and the discontinuation of epinephrine had no effect on acid-base parameters.
Propofol infusion syndrome is defined clinically and, although definitions vary 11, 12 , metabolic acidosis is a common factor. The mechanism by which metabolic acidosis occurs has not been elucidated but in vitro evidence exists to support mitochondrial dysfunction with poisoning of the electron transport chain and impaired oxidation of long chain fatty acids as a possible mechanism. Wolf and co-workers 13 reported a paediatric case where severe metabolic acidosis was attributed to long-term propofol infusion and was associated with a large rise in the serum concentrations of malonylcarnitine and C5-acylcarnitine. These abnormalities are consistent with specific disruption of fatty acid oxidation caused by impaired entry of long-chain acylcarnitine esters into mitochondria and a failure of the mitochondrial respiratory chain at complex II 13 . Reductions in cytochrome C oxidase activity 14 and decreased complex IV activity with a reduced cytochrome oxidase ratio 15 have also been reported in association with propofol infusion syndrome. Propofol-induced impairment of the mitochondrial electron transport chain has been observed in isolated heart preparations 16 .
The spectrum of mitochondrial disorders varies greatly and includes sub-clinical conditions where symptoms only become evident in conditions of physiological stress such as sepsis or surgery 17 . It can reasonably be proposed that amongst the hundreds of known and possible disorders of mitochondrial function, there will be phenotypes which are more susceptible to the deleterious effects of propofol and other mitochondrial poisons. Thus we suggest that a toxic effect on mitochondria occurring only in genetically susceptible individuals could account for the sporadic nature of propofol-related metabolic acidosis.
In addition to profound metabolic acidosis, our patient had arrhythmias and circulatory collapse which are recognised complications of propofol 18 , and which have been reported to occur in association with metabolic acidosis which was attributed to propofol 5 . The timing of these arrhythmias and hypotension is unusual in our case, as these are usually late manifestations of propofol infusion syndrome. In the absence of any other reasonable explanation, and the presence of unrelenting progression of the acidosis over eight hours until the propofol was ceased, we suggest that propofol administration was the cause of the severe metabolic acidosis observed in this patient. Clinicians should be aware of this rare adverse effect of propofol and this case highlights the need for further investigation of the toxicity of propofol. We suggest that the occurrence of arrhythmias or acidosis in patients receiving propofol should prompt consideration of discontinuation of the drug and its substitution with other agents.
